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FOREWORD

This report was prepared under task number 314802 by 1/Lt Paul

J. von Doehren, Air Force Rocket Propulsion Laboratory {RPCL). The
general format of this roport is based in part on a compilation (nsot
publighed as a Formsl report) by 1/Lt Willism H. Summers, AFRPL {RPCL)

£ prepared in May 1943, The densities and heats of formatieru of solid
propzliant components were abstrected frem an unpublisbed compilstion
bv Curtis C. Selph, AFRPL (RPCL). Acknowledgement of asslstance

» received in the ascembly and vexificetion of thi data presented in
this report ie¢ extended to the Liquid Prope’iant, Solid Propellant,
anéd Chemical and Materials Branches. of t%hie Propellant Division,
AFRYL,

Classified information hes been extracteé from documents listec
under '"References' marked with an asterisk (%),

This technical report has been reviewed and is approved.

ﬁITS, t Colovel, USAF

Chief, Propellant Divigion

%Méf e

000 M, DOUTHEIT
COIGnel USAT
Commarder, Air Force Rocket Propulsion Laboratory
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UNCLASSIFIED ABSTRACT

A compilation of data on both liquid and solid propellante is presented
with emphasis or liquids, Physical properties of liquids include: beiling
peoint, freezing point, density, heac of formation, vapor pressure, critical .
properties, heat of vaporization, v.scosity and specific haat. A discussion
of the preparatilon methed, toxicity. senmsitivity, compatibility and availa-
bility of liquid propellants is also given. Property data on solid propel-
lant components consists of densitic. and heats of formation, The resulis
of theoretical calculations on the performance of both liquids and solids
is presented and Includes, when available and applicable, the maximum spe-
cific impulse, characteristic exhaust ~velocity, chamber temperature, mix-
ture ratio, bulk density, maximum density impulse and mixture ratio, vacuum
specific impulse and ares ratio. i
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INTRCDUCTION

This handbook is intended as a source of general information con-
cerning rocket propellsnt propertias and theoaratical! perfoomance, The
4 inciusion (or exclusion) of & propellant or propellant combination dsozs ;
not necassarily rvefiect the cucrrent Air Force interest in propellant
systems, Some general comments concerning the trestmeunt and compilation
of data for this handbook are outliced in the foliowing psaragraphs.

Liquid Propellant Properties ;

The sections on liquid propellant propertics give physical proparcy,
preparation, toxlcity, sensitivity, cowpatibility usnd availability data !
for rocket propellants. Additional information in these areas is avuile
able in many cases by referring te the original source. Whan several
different values of a physical property were found, in general, either
the one appearing most frequently or the latest value was selected. 1f
a value is in question or its precision critical then it would be advis~
atlo to refer to the original reference.

S AN AT B AN 23, VO 8

Propellant property information will be available after June 1966
from Contract AF 04(611}-10546, "Englncering Property Data on Rocket
Propellants'., The handbook published under this contract, when avail-
able, should be consulted for current property infermatioo.

Liguid Propellant Theoureticel Performance

The latest JANAF propallant data was uscd in calculating theoretical
propellant performance on the AFRPL (IBM 7040) computer program, Curves
of specific impulse, chawber temperature, characteristic exhaust vclacity,
ete, vs percent oxidizaer were plotted by hand and the appropriate values i
extracted from these curves., The performance values are intended to ;

\\\ provid: o rough means of determining the relative mevit of propellant
combinations.
\
\ No allowance was made for the gelling agent or emulsion external

V' phase woen caleulating the theorvtical performance of metal sugpension
i systums, Tha data for these systems can therefore be considered an upper
* limit of performance since the additives to produce gels or crulsions
\ have a relatively low parformance level. The amount of degradation in
4 \petfonmaucc will vary dsccording te the amount and type of geiling agent
or external phase used.

. Solid Propellant Properties

This section gives densitles and heats of formation for varicus
fuels, oxidizers, binders and additives. This information was origiaally
assembled as a data source for in-house theoretical performance calcula-
tions.
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Solid Propellant Theoretical Performance

The theoretical performance data for selected solid propellant com-
positions are listed according to the fuel and oxidizer used. The infor-
mation was avsembled from AFRPL calculations and available literature
and is intanded to give an overall view of the theoretical performauce

available from sslocted solid propeliant compositicns,

e
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HYDRAZ INE
Formula: N2H4
. Physical Properties: o :
' Boiling Point: 113 C (1)
Freezing Point: 1.4°C (1) ]
Density: 1,008 glec @ 20°C . {1 :
iy Heat of Formation: +12,05 Kcal/mole @ 298,15°K (2)
~Vapor Pressure; 0.204 puia @ ZOOC (0
Z;Bgﬁ peia @ 707C -
Critical Temperature: 330°C &)
Critical Pressure: 145 atm (1)
Heat of Vaporization: 10.7 Kcal/moleo@ 25,0% (1)
Viscosity: 0.9736 cp @ 20°C 1)
Specific Heat: 0,738 cal/gn’c @ 25°% (§))
Preparetion: Hydrazine is manufactured by the Raschig proceas, which
involves the exidation of awwonia to chloramine, either indirectly
with aque=ous godium hypochlorite ovr directly with chlorine, and

subsequent. reaction of chloramine with ercess ammoria, (9) ;

Toxiejty: If spilled or the skin or in the eyss, liquid hydrazine can
cuause severe local damage or burns and can cause dewmatitis, In
addition, it can peaztrate skin to cause systamic effects similar
to those produced when the compound 15 swailowed or inhaied. If
inhaled, the vapor causes local and systemic effects, Hepzataod
exposure mey cause toxic damage to the liver and kidney, as well
as anemias, The threshold iim{t is 1 ppm (1.3 mgfeu m). (7

Sensitivity: Hydrazine is e steble liquid under the extremes of heat
and cold expected in long-term storage, It will freeze, but con-
tracts, omvessel damage results, Freezing does not affect the
chemical progetties of hydrazine, Thermal decomposition begins
ar about 320 F, but 1if hydrazine is permitted to remain in contact
with catalysts such as copper, molybdenum or iron oxide, decompcsi-
tion may occur at room temperature., Liquid hydrazine is stable to
shock, Hydrazine vapor can be exploded by a spark or flame 1f it
is within the flammable limits. (7)

4 Compatibility: The following metals may be used with hydsazine:
stainless steel (303, 304, 316, service limited to 160" F, 321 and
347), nickel, aluminum (3003, 5052, 5154, 1060 and 6061). Non-
metals include Teflon, high~density polyethylene and unplusticized
Kel~-¥, Thus facr, a completely satisfactory lubricant has not been
developed. The Quigley Company's "Q-Seal” is being used with fair
results. (7)

o=
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Availabilitx: Anhydrous hvdrezine ig Yeadily available, Present
cost: 5,72 per peund,

Kemarks: For additional Informatiou counsuit references (1) and (12).

Hilitary Specification, Mil-P-25536, Propellant, Hydrazine
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MONGMETHYL HYDRAZINE Q0fH) . . !
Forpula: (CH,)HNN, ;
Frysical Froperties:

i Foiling Foint: 87. 5°g , 6
Freeziug Point: =52.47¢C . - {1}
Density: 0.8743 @ 257¢ ¢))
- Heat of Formation: 12.7 Rcal/mole ()
Vapor Preszsure: 49.63 mm Hg @ 25 c () S
271 mm Hg @ 50°C (1)
Crivical Temperature: ———
Critical Pressura: —m N
Haat of Vaporization: 9648 cal/mole @ :5°C (1)
Viscosity: 0.893 ceniistokes )
Specific Heat: 32,25 cal/mole’k @ 25°% (1) v

FPreparation: MMH may be pioduced by a modiffied Raschig precess;
methylanine is substituted for ammenia in the resctor with chlo-
ramine (see hydrazine), (9)

Toxicity: Liquid M¥H in contact with skin or ayes can cause local
damage resembling burns; in addition, {t can penetrate skin to
cauge gystemic effects. Inhalacion of the vapor causes from slight
to severe irritation cf the respiratory passages, as well as systemic
affects, Evidence on the effects of chronic toxicity is lacking,
No threshold limit value for MMH has been recommended; consideraticn
of data on its acute toxicity and analogy with UIMH and hydrazine
suggest that the proper value should be below 0,5 ppm. (7)

Sensitivity: MMH is a stable liquid under the extremes of heat and

cold expected in loug-term storage, It will freeze, but bhecause
it cortracts on freezing there is no damage to storage vessels.
It is atable up to its atmospheric boiling point if kept from con~
tact with oxygen. Catalysts such as rusi, copper or copper alloye
can cause it to dezompose and finally to fgnite. MMH is stable to
fricticn or impact, Vaepors of MMH within flammable limits can be
exploded by a spark or flame. (7)

Compatibility: The acceptability of materials in contact with MMH
depends upcn the specific application for which they are intended,
The requirements for long-term storage differ considerably from
those pertairing to a once-used piece of equipment. If the proper-
ties (or other aspects) of a material indicate the desirability ot
its use, 1t would be well to ¢v..luate this materisl with MMH under
the conditions expected cuiing operetion before removing it from
congideration. Because of MMH's solvent properties, no completely
suitable lubricant hes been found., (7)

it ——— A b Am e i e o s
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Availability: Readily available. Present cost: $2,47 bulk pound,
Projected cost for larger scale prcduction is $0.60 to $1.25/1b,
€))

Military Specification, Mil-P-27404, Propellant, Monomethyl Hydraszine L4
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UNSYMMETRICAL DIMETHYL HYDRAZINE (UDMH)

Formula: (CHB)ZNNHZ :
Physical Properties: - i
- Bodling Poloi: 63°C o ) v
Freezing Point: ~57.21°¢C (1) H ,
Density: 0.7661 @ 25°% (1) P
- Heat of Pormation: +11.9 Kcal/gole @ 298,15°K 2 S
Vapor Pressure: 2.3668 @ 25 C {1} :
Critical Temperature: 249°¢C {13 o
Critical Pressure: 60 atm 1) !
Heat of Vaporization: 8.366 Kcal/mole @ 25% ¢)) :
Viscosity: 0.509 ep @ 25 C (1 . i
Specific Heat: 0.6526 cal/gn’c @ 25°% (1) ;

Preparation: UIMH <an be produced commercially by nitrosaciot of
dimethylamine, to N~nitrosodimethylamine, followed by reduction of
the intermediate to UDMH and subsequent purification, UDMY zan be
prepared, also, by a modification of the Raschig process, in which
the chloramine intermediate is reacted with dimethylamine rather
than with amuonia. (9)

Toxicitv: UDMH is mildly irritating to skin and eyes and car penetrate
skin to cause systemic toxilcity, but it is not as dangerouwz irn this
regard as hydrazine, The vapor caus=s eye and respiratory irritation
ar well as systemic effects, The results of repeated exposure may
be chronlc poisoning, characterized by anemia, The threshold limit
of UMMH is 0.5 ppm. (7)

Sensitiviry: UDMH is net shock n=2nsitive. It shows good thermal
stability, even up to its critical temperature, 480 F, The spon-
taneous decamposition temperature of UDMH ig an acmogphere of nitro-
gen or helium has beern determined to bus 740°F to 750°F at 1 atmos-
pherg, but decomposition does not become explosive up to at least
11127F.  (7)

T e G YD i £ AL AT R I BT AR i S TR a0

Compatibilfity: UDMA is compatible with most common metals and may be
handled in containers made of those materials under a wide variety
of conditions, There is no known limitat'sn on use of UDMH with
nickel, Monel or types 303, 304, 316, 321 and 347 stainless steel.
It hes been noted that aluminum is attacked to some extent by
dilute aqueous asclutions of UDMH, UIMH typically contains about
0,17 water. The uce of copper and high copper alloys is prohibited
in UDMH transfer and storage equipment. In view of the variable
nature of the service in which nommetals may be used, it ia unde-
sirable to be specific regarding their performance. Apiezon L and
Reddy Lube 200, the best lubricante currently known, are gatia-
factory for many applications. (7)

Availability: Readily available at $,56 s bulk pound.

Milicary Specification, M11-P-25604, Propellant, una Dimethylhydrazine
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50/50 UDMH/N G, (AEROZINE 50) ¥

Composition: 31% N7H4
497 (CH3)2NNH2

Physical Properties:

Boiling Point: 70.15C (10)
Freezing Point: 17.3°¢ (10)
Density: 0.89%9 glec @ 25°¢ (10)
Heat of Formation:* 12,251 Knal/moleo@ ZSQC (cale) (10)
Vapor Pressure: 142,1 mm Hg @ 257¢C (10)
Critical Temperature: 3347C (calc) (10)
Critizal Pressure: 115.4 atm (calc) (10)
Heat £ Vaporization: 236,7 cal/gm (calc) - (10)
Viscosity: 0.91 centistokes @ 25°C (10)
Specific Heat 0. 694 cal/ngC (10)

Preparatioa: 50/50 is a mixture of commercial concentrated hydrazine
and commerciai UDMH in approximately equal portions by weight.
Typical composition: N H, 51.0%, UDMH 48.2%, HZO 0.,5% and other

impurities 0.3%, (10)

Toxicity: UDMH constitutes 90% of the vapor., It may be atsorbed
through the intact skin, by inhalation of fumes and by ingestion.
50/50 can cause irritation of the mucous membranes of the eyes,
respiratory passages, lungs and gastrointestinal tract. Immediate
symptoms of inhalation are chest pain, coughing, wheezing, nausea
and vomiting. If large amounts have been inhaled, pulmonary edema.
may occur, Allowable concentration, 0.5 ppm. (11)

‘Sensitivity: Both constituents react with air so that 50/50 should
be kept under a nitrogen blanket. (See UDMH and Hydrazine) (1J)

Cémpatibility: Compatible with: stainless steel, aluminum, titanium
and nickel ailoys. Diamine Nylons, Teflon, certain butyl-rubber
compounds, graphite and some silicone-base greases, Alloys of
copper may be used only in specific applications upon advice of a

metallurgist. Alloys of maegnesium and <inc are not recommended, (10)

Availability: Readily available ar $.66/1b,
Remarks: For further information see references (10) and (11).

* i site f ac
Based on the composite formula LO.678H5.356N2.0

Military Specification, Mil-P-27402, Propellant, Hydrazine -
ung-Dimethylhydrazine (507 N2Hy - 507 UDMH)
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RP-1

Formula: CHI.QSBZ

Physical Properties: .
Boiling Polnt: 177 to 274°C )
Freezing Point: «%0°C (maximum; 9)
Density: 0.801 to £.815 g/cc @ 20°C (Mil Spec)
Heat of Formation: -5,76 Kcal/mole &)
Vapor Pressura: 0.36 psia @ 66°C (1)
Critical Tempersture: -
Critical Pressurs: .-
Heat of Vaporization: ——-
Viscosity: 16.5 centistokes @ -34.,4°C (Mil 3pec)
Specific Heat: -

Preparatior: RP-1 is a straight-run kerosene fraction, which is sub~
jected to further treatment, i.e, acid washing, sulfur dioxide
extraction. Unsaturated substances which polymerize in storage
are removed, 8s are sulfur-containing hydrocarbons., The kerosene
must be obtained from crudes with a high naphthene confent, (9)

Toxicity: RP~1 produces moderate skin irritation and aiter more than
momentary contact can cause scaling and fissuring eof the skin, The
main danger comes from accidental swallcwing; while not especialiy
toxic by this route, gasping while swallowing or aspiration from
improperly induced vomiting can introduce the liquid into the lungs,
and pulmonary edema may ensue.

Sengitivity: RP-1 is chemically stablie and insensitive to shock. It
shows gooc thermal stability over a wide range of ambient stcrage
temperatures, but exposure to high temperatures accelerates the
formation of gum and sediment,

Compatibility: Steel should be used with RP-1, Copper alloys (with
bra: s, bronze or beryllium) should not be used where they will be
continually in contact with the fuel, as they promote gum forma-
tion, The following non-metals may be used: vinyls, Teflon, Kel-F,
polyethylene, polyamides, neoprene, Buna N and asbestos, cork and.
paper gaske: materials designed for this service. Graphite-base,
molybdenum-disulfide and some silicone and fluorocarbon lubricanta
may be used,

Availability: RP-1 is readily availsble at $.15 a pound,

Military Specification, M11-P-25576, Rocket Fuel RP-1
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HY DROGEN

Formyla: Hz

Fhysical Iravertiea: o e »
Boiling Point. 20, 39 '4))
Freesing Point: ~256,14°¢ " (1)
Bensiey: 0.0710 g/ee @ 20,39 K (D) .
Heat of Formation: ~1.887 Keal/mole @ 20.4°% ¢8)
Vapor Presadre: -
Critical Temperature: 33.26"K 1)
Critical Prassuve: 12.8 atm (1)
Heat of Vaporization: 0.2193 ¥ I/mcle @ 20,385 (1)
Vigcosity: 140.% % «0"Y podse @ 20,39°K )
Spreific Heat 1.45 cal/gn @ -253% )

Freparation: Hydrogan is produced from by-product hydsogen, from
petroleum refinfng end the partial oxidation of fuel ofl, The
gageous hydrogen {s purificd to 99.999" per cent, and then 1ligui~
‘led in the presence of paramagnetic metallic oxides, 1t 18 com-
pozad of 89,79 per cent parahydrogen, (9)

Toricity: Hydvogen 1s uet toxic in the usual sense, Serio..s burns
can result when skin of other tissuces come into contaet with the
liquid or with pipes and valves contalning the liquid because of
ity temperature, The gas can exclude oxygen and cause aspliyxia-
tionn, Cold hydrogen vapovs can also '"burn’ the skin, (7)

Sensitivis Liquid hydrogen 1a chemically stable, Because of {ta
low boiling point, it ia physieally stable only when stored undor
suitable conditions, (7)

Coppatibility: Tae abllity of materials to retain satlsfactory
properties and withatand stresges caused by large teaperature
changes 1s of prime importance, Sulitable metals include: stain-
less steel (300 and other suatenitic aseriles), copper, bionse,
brass, Monel, aluminum snd Ever ™ ~, Noe-metals, include: Dacron,
Teflon, Kel~F, Asbestos impregue..e with Teflon, Mylar films and
Nylon, Lutricants are generally not practical in the presence
of liquid hydrogen, for they soliuify and become brittle at the
liquid's temperature. Vacuum gresse is satisfactory as a gealant »
with "O" rings. (7) '

Availability: Readily savallable, present cost is $,85 per pound, A .

Larger scale production is expected to raduce the cost to $0,50
per pound. (9)

Militsry 3pecification, MI1-p-2770], Propellant, Hydrogen
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; Ad(NIA
: Formula: NH,
; " Physical Properties:
Boiling Point: -13.é c {1)
Freesing Polat: -17.7% ) 3
. Deasity: 0, 6920 g/cc @ -33,4% ) s
Heat of Formation: -17.14 Kcal/mole (§))
Vapor Pressure: -
Critical Tempexature: 132, 4% )
Critical Pressure: 111.3 atm (1)
Heat of Vaporization: 4805 cal/mole @ &5 ¢ (1)
Viacosity: 0.266 cp @ =-33,5°¢C (13
Specific Heat: 18,12 cal/mole’c @ -33,1% (1)

Preparation: Ammonis 1o produted by the Baber-Bosch proczas, in
which the elements, nitrogen aud hydrogen, arve united at & tempar-
ature of 500 to 600°C and a presaure of approximately 200 atm in
the presence of a promoted iron catalyst. (9)

Toxjcity: Liquid amponia, because of its low temperature snd caustic
propevrties, can cauvse dmuage to the skiu and ¢yas, The vapor ia
irritating to the skin, eyes dnd respiratory tract. The threshold
limit value ia 50 ppm., The odor ie usuually detactsbls below the
limii. Inhalation of concentratious around 2500 ppm are hagardous ;
to life i one~half hour, (7) i

Seusie{vity: Asmonis 1y very siaiiv and is not ahock seasitive, It ;
is thermally etable at temperatures us high as 480°¢, above which i
dissociation to nitrogen and hydrogen begine, (7)

Compatibility: Anhydrous ammonia (liquid) snd ammonia vapor may be
used with nickel and stainless atael (300 and 400 serias) at all i
tesperatures and with steel at ambient temperatures, Teflou, !
Kel«F and pure ashbestos may be used. Fluorolubes or the pexfluoro- ‘
carbons may be used as lubricants, Other meterisls vhich have been
tested ond approved for ammonia service may be used, (7)

Availability: Anhydrous ammonia is readily available at $,035 & pound,

»

Military Specificetion, Mil-P-27406 (Not Approved)
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PENTARORANE
Formula: B.Hy Lt
Fhysical Proverties: ' :
Boiling Point: <48, §°c (16)
Freezing Point: 60.0°¢C (16)
Density: 0.618 g/ee @ 25% (18) .
Heat of Formation: +7.74 Keal/mole g 298, 15K (2)
Vapor Pressurc: & 7 mm Hg @ 0.0°C L (16)
4,0 psia @ 25 ¢ ' ' (16)
Critical Temperature: - !
Criticual Pressure: e
Heat of Vaporization: 7,28 Keal/mole @ 25°C (16)
Visconity: 0.499 cnntiatnksn @ "So (16)
Specific Heat 36,2 cal/mole®c @ 25% (16)

Preparation: Peutaborane is produced by the pyrolysis of diborane;
the couversiont 1s not a clean cut reaction, The resu%tiug producty
are dependent upon the pyrolysis tempersture. At 180 € the pree
dominant praducts are Bsng and BlO“l&' (9)

Toxicjty: Inhalation is the mout common means by which pertaborane
enters the body, In most cases of poisoning, there will be aigns
and symptoms of the involvement of the central and possibly the
peripheral nervous systems, The onset of symptoms may be delayed
several houry, BExposure may cause abnormalities for sovaral days
despite outward appearances and recovery may not be complete for
suveral weeks, ‘The threshold limit is 0,005 ppm (0,01 mg/eu m). (7)

Sengitivity: In the absence ol ailr or conteaminants, pentaborane is
stable at room temperature, It decomposes at 302°F, but not ex~
plosively. Small amounts of oxygen or moisture will cause so0lid
depoaits to form in pentaborane. Metal oxides algo affect its
stability., (7) Pentaborane, by itself, 1s insensitive to shock,
however, 1t may form shock sensitive compounds with most chlorinated
ovganic compounds having more than one chlorine par carbon or con-
taining carbonyl groups. (16)

Compatibility: The following metals are approved for use: aluminum
(5052~S, 6061~T6, 7075~T6, 2024~-T3, 3003-HLl4, 34t-T6) (Thess alloys »
may be anodized), stainless steel (18-8 series), low carlon steels,
K-Monel, Monel M~8330-B, nickel, Nichrome 'V'" Magnesium, Fed-QQ~M-
44A and Ted-QQ~M-56~A263, titanium C-130AM and C-110AM, copper, i
brass and Hastelloy. The foliowing nwormmetals may be used: Kel-F, -
Kel-F-5500, Teflon, fluorosilicone rubbers, Fluoruflex "T", glass,
Viton "A'" and '"B", dry asbestos, Garlock 230 and carbon, The fol-
lowing lubricants may be used: Graphitar Nr, 39, Hercules No. 571
Kaobestos, Rockwell Nordstorm Lube No. 921 and Gulf Harmony 01l
Nos. 44 and 69, Pentaborane forms shock sensitive mixtures with
gome solvents. (7)

2.10
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Availability: Produced by Gallery Chemical Co. No longer in pro- B
i duction. A limited quantity is in storage at the presant time, i
Remarks: For further intormation sez references (15) and (16). ; '
“ «f
Military Specification, Mil-P-27403, Propellant, Pentahorsane ( s
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DIBORANE.

Formula: EZH6

Phvaical Properties: o *
Boiling Point: ~92.5%¢ 1)
Freegzing Point: ~165.57¢C (1)
Density: 0.437 glec @ -92.6% (1)
Heat of Formabilon: 42,93 Keallwole @ <92,5°0 %> v
Vapor Pressure: -

Critical Temperatura: 16, 7% (1)
Critical Pressurc: 39.5% aim (1)
Heat of Vaporization 3.413 Keal/mole @ -92.53°C (1)
Viscosity: 1.33 millipoise @ -92,3 C %)
Spacific Heat: 18,5 cal/moleOK @ -92.5°C (1)

Preparation: Diborane may be made by a number of processes., In
general, the methods inwelwe—the decomposition of a metal boro-
hydr%QEL”gQg,rcducffbn of a metal borofluoride, or the reduction
of a boron halide. Diborane may be produced by the reaction of
an alkali metal borchydride (LiBH,) with boron trichloride in an
inevt solvent, The diborane ia purified by selective liquifica-
tion at a8 low temperature. (9)

foxicity: Divorane is a highly toxic drrvitant to the pulmonary sys-
tem. 1t L8 not known whethar severs or repeated exposure would
reyult in permanent injury. Diboraune may impair the sense of
swell and therafore odor 1s not to be velied upon as g means of
detection. Cough and tightiness in the chest follow Lmmediately
upon exposure snd gerve as a waraniog, Threshold limit is 0.}
ppie for B hr dally exposure. Huazardous exposure occurs only by
inhalatfon. (15)

Sensitivity: Dibovane 13 a very tlamable gas with wide oxploaive
liviits aud high flame and detonatlon speeds. Althosugh diboranc
igself 13 not spontaneously flammable in air at reon temperature,
{t may be {gnited by a statiec spark, heat of reaction, heat of
absorption or the spontaneous ignition of one of its thermal
decompoaition producta., (4)

Compatibility: The following materiale of constructilon were found v

tc be suitable for use with gasewus diborane on exposurs at
ambient temperatures: Teflon, Kel-F, Saran, brass, lead, nickel,
K Monel, low carbon steel, stainless steel 18-8, ashestos-
graphite-copper valve packing and Vaselilne-paraffin-graphite
lubricant, (4)

Avatlability: Limited availability at the present time,

Military Speciffcation, None
2,12
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%3, 37 MMH
23.3% NH,

Lomposiiion:

0. 47455, 1195%, 5205%2. 2725

7 34,17 Bfadasindine alirate \N-u NOS‘ ;{»
Physical Properties:
Boiling Point: 107,3% 1y, -
Freezing Point: -54°¢ o qay
Density: 1,084 g/cc @ 25°C (21)
Heat of Formation:* 0.04 Kcal/moleo(calc) (3) !
Vapor Pressure: 0.50 psia @ 25 C. {21) :
5.4 pata @ 71°% (z1) :
Critical Temperature: . :
Critical Presaure: - i
Heat of Vaporieation: .- ) ' :
Viscosity: 3.6 centistpkes @ 25 (21) §
Specific Heat: 0.62 Bru/16°p @ 25% (21)
Lomposition: 867 MMH (Cr ayBe colly o)
147% N.H 2.81°5,62°2.0
%
Physical Properties: °
Boiling Point: 92 S (calc) (21)
Freezing Polnt: «80%2 (21)
Denaity: 0,90 g/ece @ 15, 6°¢ {(calc) (21)
Heat of Fovmation:w 12,58 Kcal/mole (cllc) (3)
Vapor Presiurs: 0.5 paia @ 15, GOC (calc) (21) !
9. 909311 @ 79.87¢C «1) g
Critical Temperature: 64 C ' (21) ¢
Critical Presasure; 93.5 atm (21)
Heat of Vaporization: som
Viecoalty: 1,3 coentintoken @ 1556 C (21)
Specific Heat: 0.71 Btu/1b°F @ 15.6°C (21)
MHF-5
X Sompouiion: 9% e (9. 5415, 173%, 27342, 091
19% u’rfuo
° C ap!
Boiling Point: 80° ¢ (21)
Freesing Point: -57°¢C (21)
Denaity: 1,011 g/ec @ 25°%C T (21)
Heat of Yormacicnw 3.936 Keal/mole (cale) (3)
‘  *Based on composits iormula
P z. 13
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Vapor Pressure: 0.77 psia @ 2 °c (215

7.7 psia @ 80°C (21)
Critical Temperaturs: »-- .
Crkitical Fressure: -——
Heat of Vaporization: —-——-
Viscosity: 1,9 centistokes @ ?SOC (21)
Specific Heat: $.66 Btu/ib F @ 25 % (Z1)

Preparation: The MHF fuels are prepared by wixing together the
individual components.

Toxicity: For toxicity information refer to the section on hydrazine
and monomethyl hydrazine, The toxicity limits are estimated to be
the same magnitude as the major constituents 0.5 to 1.0 ppm, (21)

Senaitivity: The mixed hydrazine fuels are safe to handle. They have
been found to be insensitive to shock by three different tests:
JANAF drop weight test, the Frauzl Block test and the JANAF card
gap test, MHF-3 was shown to be the safest of the three blends.

In additicn, MHF~1 has been found not shock sensitive per the lcc
explosive test. MHF can form flammable and explosive mixtures in
air.

Compatibility: MHF is relatively noncorrosive for most stainless steel
and aluminum alloys. The compatibility of MHF-3 was established with
aluminum (2014, 2024, 7178), the high-strength steels (AFC~77, aM301,
cryogenic stretch-formed) and AM357, The long-term compatibility of
aluminum alloys with MHF fuels is excellent, The Hastelloys, Monel,
40E aluminum, magnesium, zinc, lead, copper and its alloys ard iron
are not recomnended for use with MAF, The following non-metals are
also compacible with MHF: braided asbestos impregnated with Teflon,
Teflon and high-density polyethylene, Garlock 735, Mylar film and
unplasticized Kel-F, MHF decomposition in the presence of mctals
is observed to occur in two phases: a steep initial rate as the
surface is passivated and then leveling off to a relativeiy lower
rate characteristic of the material.

Availability: Availability only limited by the availability of the
ingredients.

Military Specification, None
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MAP-1

. Composition: 40,57 Unm
50.5% Diethylenetriamine (DETA)
. 9.0% Acetonitrile (CH3CN) _£22)
Physical Prougrtiasa: &
Boiling Point: 717°%C (22) £
) Freezing Point: very viscous at -70°C (22 ;
' seta to glass bglow -10¢% ) i
Density: 0.869 g/cc @ 25°C (22) :
Heat of Formation:* 7.1 Kcal/mole (22)
Vapor Pressure: 104 mm Hg @ ZSOCo (22) ;
190 mu Hg @ 40.2°C 22) ;
Critical Temperature: -—— |
Critical Pressure: - i
Heat of Vaporization: - i
Viscosity: 0.58 ¢p @ 71°C (22) *
Specific Heat 0.67 Btu/1b°F @ 25°% (22)

Preparation: Prepared by mixing the individual components.

Toxicity: A rough estimate of the toxicity limits can be gained
from its components. DETA has a concentration limit of 20 ppm
and UDMH has a limit of 0.5 ppm, (22)

Remarks: Additienal information on this propellant is not available
at this time,

*Based on the composite formula C

2.708%8. 82272, 196

Military Specification, Mi1-pP-23741, Propellant, Mixed Amine Fuel
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HYBALINE A4

Formula: C,NH, AlB,

19
Physical Properties:
Boiling Point: greager thaw 220% _ {0)
Frzezing Point: ~7.5°C (Melting Pt. +4,5°C). -~ (6)
Density: 0.759 gm/ce ) (6)
Heat of Formation: -16.5 Kcal/mole : (¢
Vapor Pressure: 2 mn Hg @ 25°C (6)
Critical Temperature: - :
Critical Pressure: -
Heat of Vaporization: -
Viscosity: 9.2 cp @ 20°¢ (6)
Specific Heat: -

Preparation: AL(BH,) + (CH ), NH ——=) CH), NH-A1(BH, ) -
Reaction carried oat in inert solvent such as néhgxane or benzene

Ioxicity: Hybaline appears less toxic by ilnhalation than hydrazine,
UDMH, Aerozine 50, pentaborane, diborane, IRFNA and altrogen
tetroxide, Although skin contact with the Hybalines must be
aveoided, protection requiraments are no more stringent than for
several of the other high energy fuels. No limits have been estab-
lished for maximum allowable vapor concentrations, Personnel should
not remain in confilned areas where significant quantitics of Hybaline
have been spilied without air supplied respiratory equipment., The
decomposition products of Hybaline may contain boron hydrides auch
as diborane, Skin and eye. contact with Hybalines will cause burns
and must be avelded. (6)

Sensitivity: Hybaline A is not considered shock sensitive, Negative
results huve been obtained for No., 6 blasting cap tests and the Olin
Mathieson drop weight tester. Hybaline A oxidizes slowly in dry
air. However, it readily igrites in moist air or water. Hybaline
A should not be exposed directly to the alr, but should be handled
in an inert .tmosphere such as nitrogen or helium, Oxygenated coa-
pounds can also ignite Hybaline A, Overheating can result in the
release of hydrogen from Hybaline A, All storage tanks should be
provided with pressure gauges and over-pressure relief devices to
prevent excessive build~up in pressure due to external heating. (6) s

] Compatibility: Static compatibility testing of Hybaline A-5 has shown
the following materials to be compatible: steel, 304 stainless steel, .
copper, nickel, Monel, tinned iron, galvanized iron, aluminum (2219-
T89, 2014-T6), Titaniwn 110, Teflon, Viton A, Neuprene 7794 and red
rubbter, Compatibility with A-4 should be tiww Bame.

; 2,16
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Availability: Nins hu

hundrad pounds of &% have been p:éuwhcu by Uniou
Caxbide Corp (disregarding A~4 used in vrevaration of A-5). Tha

production facility is on standby at the present tine. Appt¢xiq;te1y
three months would be required ts reach $ull’ péoduction capgcity.
Cost: $76 a pound. . e
: For further information comsult reporta resulting frqm Contract
04 (611)-8184,

Militery Specil’ication, None
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HYBALINE AS A

Formula: 01.47NH17.94A133 T

Physical Propertias: ¥
Boiling Point: 263°¢ (6) .
Freezing Point: sets to glass below -60 C {(6)
Melting Point: 4% : 6y -
Density: 0.736 gm/ce @ 20°C (6)
Heat of Formation: ~16.5 Kcalﬁmsle (6)
Vapor Pressure: 3mm Hg @ 25°C (6)
Critical Tempeilature: ~——
Critical Pressure:; e
Heat of Vaporization 4990 cal/mole (6)
Viscosity: 6.78 cp @ 20°% (6)
Specific Heat: 0.621 cdl/gm @ 20% (6)

Preparation: ZAL(BH ) + CH,NH, (crza)zrm ———
CHBNHZ'AI(_BH‘,’)J + (CH3)2NH-A1(BH4)3

(53 wt %) G7 wt %)
Reacilon carried out in inert solvent such as n~hexane or benzene,

\

Toxicity: Hybaline appears less toxic by inhalation than hydrazinme,
-UIMH, Aerozine 50, pentaborane, diborane, IRFNA and nitrogen
tetroxide, Although skin contact with the Hybalines must be
avoided, protection requirements are no more atringeant than for
several of the other high energy fuels, No limits have been
established for maximum allowable vapor conrcentrations., Personnel
should not remain in confined areas where significant quantities
of Hybaline have been spilled without air supplied respiratory
equipment, The decomposition products of Hybaline may contain
boron hydrides such as diborane, Skin and eye contact with Hyba-
lines will cause burns and musf. be avoided. (6)

Sensitivity: Hybaline A is not considered shock sensitive. Negative
results have been obtained from No. 6 blasting cap tests and the
Olin Mathieson drop weight tester. Hybaline A oxidizes slowly in
dry air, However, it readily ignites in moist air or water.
Hybaline A should not be exposed directly to the air, but ‘should
ve handled in an inert atmosphere suct as nitrogen or heliunm,
Oxygenated compounds can also ignite Hybaline A. Overheatiang can
result in the release of hydrogen from Hybaline A, All storage
tanks should be provided with pressure gauges and over-pressure .
ralief devices to prevent excessive build-up in pressure due to
external heating. (6)




Compatibility: Static compatibility testing of Hybaiine AS has showm
the following materials to be compatible: steel, 304 stainless
steel, copper, nickel, Monel, tinned iren, galvanized ironm,
aluminem {2219-78¢ and Z014-TE), titanium 115, Teflom, Victon A,
Meoprene 7794 and red rubber,

Availability: A total of 11,716 pounds of Hybaline A5 were produced
by Union Sarbide Corporation under Contract AF U4(611)-38164.
Approximately 1/3 of this material remains in storage at the
present time. The production facliity is now on standby. Approx-
imately three menths wuld be raquired o reach full production

capacity, Cost: §76 per pound, The projected cost of Hybaline AS

in large production quantities has been established at $20 per
pound for quanticies up to 309,000 lbs/yr and $18 per pound fur a
production rate of 630,000 lbs/yr,

Remarks: For further information consult reports resulting from Con-
tract AF 04(611)-8164,

Military Specification, None
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HYBALINE B3 v R
Pormula: BeB,CH N
Physical Properties:
Soiling Point: asreater thay 270% {6)
Freezing Point: setuecn -80%2 & =23% 8y
Density: 5,667 gmlfcc {06)
Heat of Formation: ~19.5 Kcal/mol% (6)
Vapor Pressure: 1.5 mm Hg @ 25°C (6)
Critical Temperature: ———
Critical Pressure: -
Heat of Vaporization: —
Viscosity: 3.4 cp @ 20% (6)
Specific Heat: 0.625 cal/gm @ 20°C (6}
Preparation: Be(BHA)?-(Czﬂs) o+ CH3NH -3 CH_NH ‘38(334)2
Reaction carried otit in pe%roleum etﬁer or dieghyi ether.

Toxicity: The main consideration in the use of Hybaline B3 is the
baryliium toxicity. The manifestations of beryllium poisoning
have been divided into three classes: acute berylliosis, chronic
berylliosis and dermatitls. The mcre serious effects are due
entirely to inhalation of beryllium or its compounds, The onset
of symptoms accompanying chronic berylliosis may be delayed as
much as 10 years or longer after the last exposure. (8) 1In
additicn to beryllium toxicity, skin and eye contact with B3
will cause burns, ¢6)

Sensitivity: The same consideratlions apply to B3 as apply to Hybaline
A /Sce Hybaline A35). (6)

Compatibility: The campatibllity should resemble the Hybaline A
series (See Hybaline A5}, (€)

Availability: A total of 199 pounds of B3 were produced by Union
Carbide Corp under Contract AF 04(611)-8164. The production
facility is on standby at the present time, Cost: $300 a pound.
A limited quantity is available at the preecent time., (8)

Remarks: For further information consult reporis resulting from
Contract AF 04(611)-8164,

Military Specification, None
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GELS AND EMULSIONS

The performance of many propellant systems can be improved by the additien
of the 1ight met :s or their hydrides. Gel 2nd emulsion techniqueés are
to provide a unifcrm distribution of the metal or hydride in the fuel. (29)

Gels:

& gel is obtained by either chemically or mechanically iwmobilizing the
liquid and trapping the metal or hydride dispersed throughout the 1liquid,
The gel should have a sufficiently high vield stress to support the sis-
pended solid and prevent it from settling out as a result of normal
handling and storage. Ideally the gel acts like a solid during static
conditions yet behaves like a liquid under flow conditions (low apparent
viscosity). (28) (29)

Gelling agents may be divided into roughly two categories: particulate
and swellable agents. Particulate gelling agents Jepend on the ability
of the particles to bond to one another by attractive forms in order to
form the necessary suspension network. Swellable agents are materials
(e.g. organic polymers an. natural gums) which appear to depend on the
physicochemizal interaction between the gelling agent and the carrier
fluid.

Physical Properties of Alumizipe - 43G:

Boiling Point: N%, est. approx. 114°¢ (29)
Freezing Point: 0°C o (29)
Density: 1.366~1, 380 gécc @77F (29)
Vapor Pressure: 0.27 psi @ 25°C (29)

1.8 psi @ 62°C (29)
Yield Stress; 1400 to 2200 dyne/sq cm (@ 25°¢  (29)

Apparent Vigcosity @ 25%¢:
(Ferranti-Shirley Visco-

meter) 29 to 41 cp (17,300 sec.)) (29)
400 to 600 cp (360 sec _1) (29)
700 to 1300 cp (100 sec ) (29)
Apparent Viscosity:
(Brookfield, Spindle o
No, 4, 6 rpm) 35,000 to 60,000 cp @ 25°C (29)

Emulsions:

A heterogeneous emulsion consists of a continuous liquid external phase
in which a discontinuous, irmiscible liquid internal phase 1s dispersed.
The internal phase exists as discrete globules that are held in suspension
by the action of surface tension in the external phase, The metal or
hydride is contained in the internal phase and can settle to the bottom
of the droplets but is prevented from settling further due to the inter-
face between the internal and external phases. As long as the emulsion
does not break, the particles cannot settle out. The yield stress of

an emulsion is the point at which the internal phase globules can "flow'
and does not necessarily represent the point at which gettling will
occur. (29)

2.21




UKCLASSIFIED

Problem Areas:
i. &electiom of gelling or emulsifying agent
2, Compatibilicy of components
3. Mechanical and chemical stability
4, Batch-to=-batch uniformity

Remarks: R
Additional information can be found in (28), (29) and '"Bulletin of the
7th Liquid Propulsion Symposium," Volume 1, 19-21 October 1965, CPIA. -
Publication No. 72, August 1965. (Confidential)

Military Specification, Mil-P-27412, Propellant, Aluminum llydrszine
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; Fo a: 0,
ot Phyeical Properties: S R
, Boiling Polat: -183,07¢ B ¢
Freezing Point: -218,87¢C ' 11y
- Density 1.14 gfec @ -183°¢ s
Heat of Yormation: «3,08 ¥cal/mole @ 90, 2% {3
Vapor Pressure: - : '
Critical Temperatura: -118,9% SRR & 5
. Critical Pressure: 49,7 atm 1)
Heat oi Vaporigation: 1.63 Kcal/mole @ 1 #tm 1)
Viscasity: 0.190 cp @ -183.0% 1)
Specific Heal: 0.406 cal/gn°C @ -183.0% )

Praparztion: Liguid oxygen is obtained from liquid air by fractional
distillation, (9)

Toxicity: Non-toxic. If liquid oxygen spills on skin, injury re-
sembling a burn will result., Oxygen gas will nct cause toxic
effects in propellant operations, except that inhalation of very
cold cxygsn gas may cause some irritation of the upper respiratory
tract, (1)

Sensitivity: Liquid oxygen is chemically stable. It is not shock
sensitive and will nofr decompose, (7)

Compatibility: Materials to be used in liquid oxygen equipment must
possess satisfactory physical properties at extremely low operating
temperatures, Acceptable materials are: stainless steel geries 18-8,
copper, bronze, braass, Monel, aluminum, everdur, Teflon, Kel-~F,
Asbestos and special silicone rubbers, Petroleum-base lubricants
must not be used. Special lubricants such as the fluorolubes or
the perfluorocarbons can be used. (7)

Availability: Liquid oxygen is readily available at $38.25 per bulk-
ton,

Military Specification, M11-P-25508, Propellant, Oxygen
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FLUORINE

Formula: F2

Physical Properties: . ..
Boiling Point: -188% (1}
freezing Foint: -215,6°¢C (%)
Density: 1.505 g/cc @ -188% (1)
Heat of Formation: -3,467 Kcal/mole @ 85,2°K {3)
Vapor Pressure: - .
Critical Tcmperature: -129.2% 1)
Critical Pressure; . 55 atm (1)
Heat of Vaporization: 1. 560 Kcnl/molg @ -188°% (1)
Viscosity: 0.24 ep @ -188 c (1)
Specific Heat: 0.367 cal/gm'c @ -188°C 1)

Preparation: Fluorine is produced from a molten mixture of HF and KF
by an electrolytic procedure, (9)

Toxicity: 1I1f liquid fluorine comes in contact with the body, it will
cause skin injuries resembling burns that are likely to be severe,
deep and slow in healing. Exposure to fluorine gas is a more likely
accident, The gas is highly ilrritating to the eyes and to the upper.
and lower respiratory tract. Repeated exposure to the gas may cause
chronic pulmonary damage. Tae threshold limit value of fluorine f£s
0.1 ppm (0,2 mg/cu m). (7)

Sensitivity: Unconfined fluorine is stable to shock, heat and electrical
spark, Containers of fluorine, however, must not be subjected to
shock or heat, as a violent reaction with the container is possible.

(7)

Compatibiltity: Liquid compatible with: Monel, aluminum, stainless
steel (types 304L, 321 &nd 347), copper and bras:. Gaseous fiuorine
compatible with: nickel, Monel, steel, scainleas steel, brase, copper,
aluminum and magnesium, Teflon, Kei-F anu Halon are acceptable non-
metals for use at moderate pressure. and low flow rates. Spray
conted or calcined aluminum oxide ils resistant to gaseous and liquid
fluorine under flow conditions and at low as well as high tempera-
tures (several hundred degrees C). There are no plastics acceptable
for use with liquid fluorine under flow condicions. There are no
reliable lubricants for fluorine service. (7)

Availability: Coat: $3.55 a pound, Projected cost: $1.00 a pound. (9)

Military Specification, Mil-P-27405, (Uncpproved)

3.2
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IRFRA ;
Formula: By g79% 972%. 789
; Ehya'!cal Ww:t-‘ner' - v-f 5 G 0 i
: * Boiling Point: 65.6°
i Freezing Point: -50%
; Density: 1.564 glee @ 15°G -
: : Heat of Formation: -41 Keal/mole
; Vapor - Pressure}” T eew AT
; Critical Temperature: =
i Critical Pressure: o
L Heat of Vaporization: o
: Viscosity: : - 0.863 cp @ 21, 2% . (1) v
| Specific Heat: 0.417 cal/gm @ 20°C [¢))

Preparation: Nitric acid is made by the catalytic oxidation of armonia
with air or oxygen to yield nitric oxide (NO), The latter is oxidized

' to N,O, which when treated with water, yields nitric acid and may be

: ' concéndrated by-distillation with sulfuric acid. Red fuming nitrie

acids may be produced by passing gaseous N,G, into nitric acid., (9)

g The 7% composition of IRFWA is as follows: 24
g NO2 HZO HNO3 Solids H¥

Type IIIA 14 1,5-2.5 81.6-84.8 0,10 max 0.7
Typc IIIB 14 1.5‘2.5 81.6"84-8 000“ max 0.7

: Toxicity: Because the liquid is highly corrosive, skin and eyes cun be

¢ severely burned by more than momentary contact., Another serious
hazard in the handling of fuming nitric acids is the inhalation of
toxlc vapors, especially nitrogen dioxide. The threshold limit
value of nitrogen dioxide is 5 ppm. The chief danger from acute
polsoning is the development of pulmonary edema, when the lung
spaces £1ill with fluid, The symptoms may be delayed for several
hours, The color of the fumes is not a reliable index of the degree
of toxic hazard., The initial symptoms of poisoning~ irritation of
the eyes and throat, cough, tightness of the chest and nausea - are
slight and may not be noticed, Then some hours later, severe symptoms
begin; their onset may be sudden and precipitated by exertion,

N Coughing, a feeling of constriction in the chest and difficult
breathing develop. (7)

Sensitivity: Nitric acid is stable to all types of mechanical shock
and iumpact. (7)

Compatibility: The following metals may be used with nitric acid:
aluminum (types 1060, EC, 1100, 3003, 3004, 6061, 5052 and 5154) and
stainless steel (347, 19-9DL, 19-9DX, 304 ELC, 321, 303 and 316).

UNCEASSIFIED
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All other ferzous and nonierrous metals and their alloeys axe p:a~
hibited, 1"n,e fgl‘gv‘lno ‘nnmggln mn}' kg I'a.agx‘ z-'i-“'*’ _:Lsi"* - i.

Availability: IRFNA is readily av&ilable at from $106 t°-$r r
pound depending upon typﬂ and quantity. ,>,£<u S

Remarks: For additional 1nformation consylt reference 67) pu thx
T latest military specification, .

Military Specification, Mil-P-7254, Propellant, Nitric Acid
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Formula: H,0, (100%)
- Phyaical Propeviices: . :
Boiling Point: 150.?.”3 (1)
Freezing Polat: ~0,481°C B 43
. Denaity: 1,4425 gloc @ 25% 1)
Heat of Formation: 44,75 Kcal/mole @ 25% (1)
Vapor Pressure: +0268 paia @ 20°g , {1)
0.5762 psia @ 70% (1)
Critical Temperature: 457°¢ (1)
Critical Pressure: 214 atm (1)
Heat of Vaporilzation: 12,334 Kcal/mglc @ 25% (1)
Viscosity: 1,249 cp @ 20°¢C (1)
Speciiic Heat 0.632 cal/gm @ 25% (1)

Preparation: Hydrogen peroxide i{s manufactured commexrcially by several
processes. Inorganic processes employ the electrolysis of an aqueous
solution of sulfuric acld or acidic aswionium bisulfata, followed by
hydrolysis of the peroxydisulfate which is formed. Organic processes
include (1) the auto-oxidation of hydroguinone or one of its howologues
in a suitable solvent system and (2) the partial gas-phasc oxidation
of hydrocarbons. Dilute aqueous hydrogen peroxide 18 concentrated
to about 90% by conventional distillation. Higher strength solutious
arc prepared by fractional crystallization of 90%Z feed stock, (9)

Toxicity: Contact with the liquid, mist or vapor produces irritant
effects, When the liquid touches the skin, there is & burning wsen-
sation and the affected arcas arc bleached. Prolonged contact can
cause burns. Inhaling the vapor irritates the respiratory tract and
may result i{n burning of the nose and throat, running of the nose and
coughing. The vapors can also irritate the eyes. Exposure to high
concentrations of a mist or aerosol of hydrogen peroxide, if uot
washed away promptly, can result in delayed but severe damige to the
eyes, The threshold limit value of 907% hydrogen peroxide is \ ppm, (7)

Sensitivity: Pure hydrogen peroxide in properly passivated containers
decomposes at a very slow rate. 1f stored in containers of unsuitable
material or if contaminated, hydrogen peroxide can decompose very
rapidly, releasing large amounts of heat and gas., (7)

Compatibility: Proper selection and passivation of materials for handling
hydrogen peroxide are essential. Contact of the percxide with incom-
patible metals or plastics or with nonpessive surfaces anyvhere in the
storage system can lead to dangerous conditione. Certain aluminums,
the 300-series stainless steels and other materials have only a slight
effect on the stability of hydrogen peroxide and may be used for
matexrials of construction. Tanks for long-~term storage (one week or

UNCLASSIFIED
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more) are constructed of 1060, 1260, 5254 or 5652 aluminum, Teflon

and Kel-F are suitable for flexible long-term storage containers;

for perdods of less than one week, some polyvinyl chloride plastics

and silicone rubbers may be Gsad., Weonght ALS] 300-serides stainless
steels are suitable for shorteterm storage. (7) M

Availability: Avallable at §,31 te

43 per pound,

Lo

’
Y R

Military Specification, Mil-P~16005, Propellant, Hydrogen Peroxide
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CHLORINE TRIFLUORIDE

Formulia: CIlF

—% : ————— 3
G Thysical Properiies: :
. B ‘Bolling Point: 11.757C . (1)
o Freezing Point: -76.3°C (1)
- Density: 1.8806 g/cc @ 1,70%C )
Heat of Formation: -42,94 Kcal/mole (3)
Vapor Pressure: 495°ﬁm Hg @ 0°C (1)
Critical Tempexature: 1724°¢C : (1)
Critical Pressure: 57 atm (1)
Heat of Vaporization: 6,580 czi/mole @ 11.75% (1)
] Viscosity: 4,78 ¢cp @ 11.75°¢C (1)
' Specific Heat: 0.303 cal/gm @ 20°C (3)

Preparaticn: ClF3 is prepared by direct combination of the elements. (9)

_ Toxicity: The liquid is highly corrosive; contact with skin or eyes
. - could resuit in deep, painful burns, Exposure to the vapor causes
irritation of the eyes and the upper and lower respiratory tracts.
If concentrations are high enough, pulmonary edema may result and
death may follow if quick action 1s not taken. Threshold limit 1s
0.1 ppm. (7)

Sensitivity: CIF is stable tc shock, heat and electrical spark. (7)

Compatibility: Such metals as copper, silver-solder, brass, steel,
magnesium, aluminuw, Monel or nickel are satlsfactory for use with
CTF owing to the formation of a passivating fluoride film. Monel,
- 18-8 stainless steel and nickel are preferred. Approved nommetals,
: which may ignite when heated are: Neoprzme (for protective clothing
only), Kel-F (not recommended for flow conditions), Teflon (not
recomtended for flow conditions) and pyrex glass. The use of the
standard petroleum-bage lubricant is prohitited. Fiuorinated hydro-
carbons may react violently with CTF. No complately satisfactory
lubricant is koown. (7)

Avallability: Present cost: $3.20 per pound, Large scale production
. could reduce cost to $.50/1b. (9)

Military Specification, Mi1-P-~27411, Propellant, Chlorine Trifluoride
(Unapproved)
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" NITROGEN TETROXIDE

Formula: N.0, —> 2NO,
e 2 4 = 2

Physical Properties: *
Boiling Point: 21.3% . {3
Freezing Pcint: -11.35% (D
Density: .45 glee @ 20% (1) -
Heat of Formation: -4.5 Kcal/mole (26)
Vapor Pressure: 5.0 psia @ 0°C {»
14.0 psia @ 20°%C (1)
Critical Temperature: 158°%C (1)
Critical Pressure: 100 atm (e))
Heat of Vaporization: 9,11 Kcal/mole @ 21.15°C (1)
Viscosity: 4132 micropoise @ 21.15°C (1)
Specific Heat: 0.368 cal/gm @ 20°¢C (D

Preparation: Nitrogen dioxide is made by the catalytic oxidation of
ammonia; steam is used as a diluent to reduca the combustion temper-
ature. Mcst of the water is condensed out, and the gases are further
cooled; the nitric oxide is oxidized to nitrogen dioxide, and the
remainder of the water is removed as nitric acid. The gas is esgssen-
tially pure nitrogen tetroxide, which is then condemsed. (9)

Toxicity: The liquid is corrosive and severe burns of the skin and
eyes can result if not immediately removed., The inhalation of toxic
vapcrs 1s normally the most serious hazard in handling nitrogen
tetroxide, The threshold limit of the fumes is 5 ppm expressed as
nitrogen dioxide, or 2.5 ppm expressed as nitrogen tetroxide. Ihe
main danger from acute poiscning is the development of pulmeonary edema
which novmally develops a considerable time after exposure to the fumes.
The colcr of the fumes is not a reliable index of degree of toxic
hazard. The initial symptoms of poisoning ~ irritation of the eyes
and throat, cough, tightness of the chest and nausea - are slight and
may not be noticed, Severe symptoms begin hours later. Pepeated
exposure to these fumes at low concentration levels may caise ulcera-~
tion of the nose and mouth, wearing down and decay of teeth and
chronic irritation of the entire respiratory tract., (7)

Sensitivity: Nitrogen tetroxide is very stable at room temperature. At
3029F it begins to dissociate into nitric oxide and free oxygen. Upon
cooling it reforms into nitrogen tetroxide, (7)

Compati{bility: Nitrogen tetroxide 1s nct corrosive to most common metals : ;
at ordinary temperatures and pressures. The selection of metals should %
however be governed by the oxidizer's moisture content. When the NO
moisture content is 0,1% or less the following metals can be used:
carbon steels, aluminum, stainless steels, nickel ard Inconel. Under
wet conditions stainless steel (300 series) should be used., The

UNCLASSIFIED
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following noumetals may be used: caramie (acid reéufta_nt;), pyTex

glass, Tefion, Kel-F, ashestos (corton-free) and polyethylens

; (limited use). Hydrocarbon lubricants must bs svoided. * Fiticrolube

: series, Teflon tape, Nerdcosesl-147 and DO2345 Iuhvdnant maw he

. usad, (7) S s ~

| Availsbility: Readily available at $0,09/1b, =~ ==
Military Specification, Mi1-P+26539, Propellant, Nitrogen Tetroxide
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PERCHLORYL FLUORTDE s |
C10.¥ ‘al;‘:” ;T‘fi o
[} . % '.: . v
-46,8°C - {1)
~146°C Y
1.692 g/cc @ -46.8°C (1)
~5.12 Kcal/mole (g) @ 25 C 1) 2 '
=10 Kcal/mole (1) ‘ 3
(L
(1)
(1)
(1)
(L

(1)

Formuia:
Physical Properties:

Soiling Point:
Freezi: 3 Point:
95.2%

Densi
Heat ¢. Formation:
Vapor ?ressure:
Criticul Temperature:
Critical Pressure: 53.0 atm
Heat of Vaporization: 4.6 Keal/mole @ -46,8°C
3.5 Kcal/mole @ 25°C
0,219 cp @ 0.0°C
0.226 cai/mole®C @ -46.46°C
Perchloryl fluoride may be prepared by the electrolysis of
) and hydrofluoric acid (HF).
he oxidizer. (9)

¢

Viscosity:

Specific Heat:

a mixture of sodium perchlorate (NaCloO

3 will also yield

to severe burns may result, dGepending on the amount spilled and the
concentrations of the vapor causes respiratory irritation and methamo-

Preparation:
Fluorination of KC10

Should liquid PF splash onto the skin, irritation or moderate

Exposure to moderate to high

globinemia, which, if severe, is accompanied by cyancsis (blue tinge

to certain mucous membranes). ' Repeated exposure to lower concentra-

(7N
At
0, and HF™

Toxicity:
length of time it remains on the skin.
4

tions may cause anemia and the deposit of fluoride in bones and teeth.

Perchloryl fluoride is thermally stable up to 850°F.
Foxr PF

The threshold limit for perchloryl fluoride is 3 ppm.
(N

500 to 575°F, it hydrolyzes slowly with water to form HCl
Although at ordinary temperatures perchloryl fluoride

Sensitivity: o
at room temperature.
Compatibility:
is not corrosive to most common metals, molsture content of the FF
should be the governing factor in selecting a metal for this service,
The following metals are approved for use with Anhydrous PF: carbon
steel, aluminuwn, stainless steel, copper, brass and bronze,
and water vapor the following can be used: stainless steel (types
304, 310 and 314), Hastelloy, tantalum, Durimet "T'" and Durimet-20,
Owing to the lack of operational and long term data, the only non-
metal materials that can be recommended for aevere service with FF
in a situation where pressure or iflow phenomena may irritate com-
Perchloryl fluoride

bustion or detonation are Kel«F and Teflon,

3.10
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E should never be brought into tontact’ with conventional or petroleum

i greases, oils, pipe compounds, etc. Ths only lubricants found. to be
suitable are the fluorocarbons. (7) Tt

. Availability: Perchkloryl fiuoride 1s available in small quantities
from several chemical companies. Projactad cﬁgE:‘§1ﬁ§Q:?gz:pQgg§a {2)

Military Specification, Non:
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OXYGEN DIFLUORIDE

Formula: 0F2

thsical Properties:

Boiling Foint: -135,3°¢ sy
Freezing Point: ~23,8°¢C (3) 2
Density: 1,346 z/cc @ ~148,52% 53
Heat of Formatdcen: ~7.4 Kcal/mcle T 1) ) 2
Vapor Pressure: --- ¢
Critical Temperature: -59.7% (5) ;}:
Critical Pressure: 49.5 atm (5) -
Heat of Vaporizatioa: 2.66 Kcal/mole @-145,3°C (5) 3
Viscosity: 0.323 cp @ -155.8°C (5) ;
Specific Heat: 10.35 cal/mole’c @ 298°¢C (s)
:

. Preparation: Oxygen difluoride is prepared by reacting elemental
. fluorine with dilute aqueous solution of sodium or potassium hydrox-
ide, according to the following reaction:

2NaOH + 2F, ——3 OF, + 2NaF + H,0
Caly 50 percent of the original fluoride, at best, 1s recovered as
the oxyyen difluoride., (9)

Toxicicy: Precise and accurate data defining the toxicitry of OF, is
not availeble, Oxygen difluoride is & lethal gas, cauparable to
phosgene, and has a peculiar smell similar to that of elemental
fluovine, It penetrates deep into the lungs by passing the bron~.
chin and dissolves in the delicate tissues. The full effect devel-
ops sometime after inhalation producing a delayed edema, The
symptoms arve evidenced by a difficulty in breathing, irresistible
coughing, emetis irritation, as well as a general tight feeling ia
the chest., A practical operating guide is to limit personncl
exposures to the levels practiced in handling pentaborane 0,005 ppu, (5)

Sensitivity: Oxygen difluoride i1s insensitive to shock at -196°% using
the Traus) sengitivity test. The decomposition of OF2 is appreciable
only above 230°C. (5)

Compatibility: Cleanliness and smooth surfaces are important for suc- ,
cessful operation with OFz.
Liquid OF, compacibility:
Aluminum alloys for short term applications
Nickel alloys are perhaps most satisfactory (e,g., Monel)
Stainless steels ars most widely used for comatruction, however,
long term servicability has not been established
Copper and copper alloys, titanium alloys and magnesium alloys
seom to have limited adaptability to long-term liquid operations

s . by A5y

3,12
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Flastics and elastomeric materials are llmited because of
cryogenic temperatures
" Teflon and Kel«F are compatible for sliort periods of tine,
Gaseous JF, service requirements do not appear to bea more severe
than the liquid requirement. At elevated temperatures, however,
the decomposiiioa iato fluorine and oxygan muat be taken into con-.
sideration. (5)

availability: Cusrently the only source of commercial quantities of -
OF, 18 the aili=d Chemical Corporation. The present cost is $35
pef pound available in nine pound cylinders, The iowest price
forecast based on synthesis from fluorine is $30/1b. Thiokol~RMD
has conducted a cost analiysis on an electrolytic OF, process based
on HF resulting in cost mstimates as low as §$,50/1b"for large scale
production. (5)

Remarxs: For additional information consult reports resulting from
Contract AF 04(611)-8400, Reference (5) lists 49 additional
references,

Militsary Specification, None

ot 3.13
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Formula: N234
- Physical Properties: L Cs -
Boiling Point: -_74°g Qsy.
Freezing Point: -1637¢C o (15)”“'
Density: 1.65 g/cc @ -73.0° (8) . ... -
Heat of Formation: -2,042.5 Kcal/mole (i) tig) -
-5 Kcal/mole (1) ()
Vapor Pressure: —— ,
Critical Temperature: 36°%¢c 18)
Critical Pressure: 41,5 atm {18)
Heat of Vaporization: 3710 cal/mole (18)
Viscosity: -
Specific Heat: 19.06 cal/mole’c @ 25°%

Preparation: o ‘
1. Pyrolysis of nitrogen trifluoride over various metals such as

stailnless steels, copper and arsenic.

2, Hcmogeneou: reaction of nitrzogen trifluoride with mexrcury in an
eiectric discharge,

3. Vapor phase reaction of fluorine and ammonia in a packed copper
reactor,.

4. Thernal pyrolysis of nitrogen trifluoride over carbon. (18)

Toxicity: Tetrafluorohydrazine must be considered highly toxic and
hazardous to humans. Skin ccntact and inhalation must be avoided,
Studies on rats demonstrated that it causes vespiratory irritation
and methemoglobinemia, Pulmonary edema and kidney damage wete also
detected, Repeated exposures are insidious, producing systemic damage
even at low concentrations, (18)

Sensitivity: “Zetrafluorohydrazine has besn involved in countless ex-
plosions, Extrams caution should be exercised when dealing with this
compound especially vhen fmpurities are preseat, (!8)

Corvatibility: At moderate temperatures the following materials have
been used successfully with N.F,: pyrex glass, nickel, copper, carbon
ateel, poliethylene, -tainleaz 3teo1, brass, Monel, Teflon and Kel-V,
Nickel and Mnnel are recommended for high temperature work, Pyrex

: glasas and stainless stzel i1ave been used successfully at liquid
} nitrogen temperatures, (18)

% Availability: Availabie only by coniract. Air Products has the only
{ plant now in existenca, No cost data available,

Bemarke: Additional references cited in ref (1B).

@ i Militaxy Specification, None
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i Formula: C1F

5
! . Physical Propertjes: :
Boiling Point: ~13.1% (19)
Freeging Point: -103°¢C {19)
Density: 1.792 glcc @ 20% (19)
) Heat of Formaticn: ~60+5 Keal/mole {19)
Vapcr Pregsure: - )
Critical Temperature: 143% (19) i
Critical Pressure: 52.3 atm o (19) P
Heat of Vaporizatjon: 5,313 Kcal/mole @ -13.1°C (19) A
Viscoailty: 3,245 ¢p @ 20°% (19)
Specitic Heat: 90,3355 cal/gaK @ 20YC (1%)

Preparation: Chlorine pentaflusride is preparaed by a continuous process,
homogeneous gas~phase reaction of elemental fluorine and chlorine,
The current produstion facility has a maximuim operating range of °
2000 psig and 6CU F. The reaction noxrmally is carriled out at 200°F
and between 1000 and 1500 psig, (19) -

Toxicit.: No limits have been establighed at the present tiwe. It
she 11d be treated similar te chlorine trifluoxride which has u thraesheld
limit of 0,1 ppm. (19)

Sensitivity: All tests have shown CIFS to be insensitive to initilation
and will not prepagate & detondtion: (19)

Compatibil:ty: Compound A has beeu tested with Monel, nickel, Inconel-X,
Hastelloy G, aluminum, stainlese steel, copper and Teflor, Essentially !
all materials tested wers competible in uncontaminated C1lF_., When j
GClF. or the materials were contavibated with moisture only Hastelloy
c oé nickel 200 provided . at: resistence to attack. No change
in compcsition of the GLFS ¢ % in any of the tests was detectable., (19)

Ayailability: Currently CIF, .8 not comnercially available because of
its classification, Seveial compunies will aupply small quancities at
an estimatad cost of $50 per pnund t5 government contractorsa, Pro-
jectad cost in large quantities 1is betweeén $0.50 and §1,00 per pound.

Remarks: Consult reports generated under Cuntract AF 04 (611)~7023 and
Contract AF (4(5h11)-9563 for additional information,

Military Specification, Nene :
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Formula: 03

Fhysical Properties: "
poiiing Foinmt: -3111,97C (1) -
Preazing Point: -192,7% (1)
Denaity: 1.46 glee @ -112% {1

1.571 g/ee @ -183% @)

Heat of Foxrmation: +34.4 Keal/mole @ 25% (3)
Vapox Pressure: -
Critical Temparsture: -12,1% (L
Gritical Pressure: 54,0 atm ¢))
Heat of Vaporization: 3,410 cal/mole @ -111,9% (1)
Viascosity: 1.56 ¢p @ ~183,0% '¢))
Specific Heat: 17 cal/mole @ -111,9% (1)

Preparation: Purified oxygen is fed into an clectric diachﬁrse or

batween highly charged platea., The reaction 30, =& 20, tikes
place leaving a concentration of from 1 to 6 waZght percint ozone,
This mixture 18 introduced ingo o refrigerated vessol vhere the
ozone condenses out at -111,9°C and 1 atm partial pressura., (1)

Toxicity: The resction on the human skin is similar to that of liquid

A

oxygen and the coldness will caumse severs "burne'. Liquid orone ac
temparatures above the boiling point of liquid oxygen will give off
high concentrations of gaseous orone and there is the danger of
building up to a toxic concentration. Concentrations of 1 ppm may

bae readily detected by the human tose, The maximun allowable con«
contration for an eight hour period is 0,1 ppm, Concentraticans wp

to 20 ppm may be considered nontoxie LF the exposuze time ta short, (1)

ty: Ono estinate of the stability of 1liquid osooe ia that at
«183°C 1ts aonaitivity is comparable to that of nitroglycerin st
room temperature, -Gassous oxone 4t roond tauperature appears to be
less stable than liquid ozone. Very puru orone (lmpurities of lesa
than 2ppm) has shoun massurable, spontanedus decomposition at Yoo
tompavature in clesn glass containsve, (1)

a { The following miterials have baap shown to bs compataiole

with 100% ozona (gaseous and liquid): aluminum (25, 35, 245, 529 end

615), stainlovs ateel (302, 304, 316, 410 and 416), Ksl-¥, Teflon,
Fluorocarbon greasa, Kovar, pyrex snd silver solders, Soms materials
are compatible with liquid oxone but not with the gas, (1)

Aysjjability: Becaune of atability problems sssocisted with concen~

trated orons, it is acvatly, hazardous to concentrats and difficult
to transport and store¢, Concentrated ogone in eilther gassous or
liquid form is usually produced and used as needed, (1) The pro-
jected cost of ozona if required in large quantities is $0.09,

3,16
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Remaxks: Additional information is econtained in Thorp, C. E.,
Bibliography of Ozens Techmolozv, VYol 2, Armcur Bssearch Foundme
tion, Chicago, Illinois (1955), R T

EAR N SO

Militaxy Specification, None
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MOXY 2

Composition: A mixturc of tris (difluoramine) fluorcmathihe (Compound
%), tetrafluorohydrazine (N)F,) and perchloryl £luoride (C103F). (20)

MOXY-2a , .
n!Nzrk/c1035 vv 30.3/61.8/7.9 mole % ' ' S

Phyaical Properties:

Boiling Point: about -80°C (20) i
Freezing DPoint: very viscouz a =135% (2%)
Density: 1.446 g/cc @ O ¢ 20
1.335 g/ec @ 257¢C 20)
Reat of Formation: -lg 7 Kcal/mole (20)
Critical Temperature: 85 ¢C {20)
Viscosity: 0.268 cp @ 0°¢C (20)

Proparation: FC(NF,), is prepared by the direct fluorination of
sammeline, The m%xiure is prepured by condenaing the components
together in n closed vessel. (20)

Toxicity: Praiiminary tests indicate that Moxy-2 toxicity should be
bassd on the component N F4 No threshold value has bLeen set. (20)

Sensitivity: Moxy 2a is less sensitive than n-propyl nitrate as tested
in an adiabatic U-tube tester, however, it is aensitive to change in
flow conditions, especially at sharp turns in lines while the mixture
is flowing. ’

Compatibility: Platinum was the only mgtal showing no attack whatsoavsr
after axposure to the oxidiszer at 43°C for a period of several weeks,
Stainless steels 347 and 316, Monel and pure aluminum developed light
colored films, Stainless steel 304, iron, copper, nickel, Haatelloy
B, aluminum E,C. alloy and tantalum exhibited moderate surface attack
by formation of fairly heavy surface coatings, sll of which could be
scraped off. Teflon is the moect satisfactory of the nonmetals tested,
while Butyl and Buna-N are marginal, (20)

Availability: There is no known source producing Moxy 2a at this tima,
8: For additional information conasult reports genarated under
Contract AF 04(611)-8182, Initial small engine test firings with "

Moxy 2a and N,H, showed that this oxidixer was too shock sensitive
to safely hanﬁlg

Military Specification, None
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TETRAKIS (DIFLUORAMING) METRANE

(Compound T) (Delta)
Formula: C(NFZ)4

Puysical Properties:

Roiling Pcint: 40.2% (13)
Freezing Point: -20% (13)
Density: 1.65 gm/cc @ 25% 13)
Heat of Formation: 41385 Xeal/mole (17)
Vapor Pressure: --- ~
Critical Temperature: -
Critical Pressure: -
Heat of Vaporizatrion: 6.4 Kcal/mole (13)
Viscosity: -

Specific Heat: -

Prepsration:
a, Mionesota Mining & Manufacturinﬁg%ompany synthesis:
2t - NH

Low

(F2N)§§? NF + N?a L (5,m) )
2

(F N),C - NH, 7= CNE,),

b. American Cynamid Company synthesis:
HNF
(FN),C = NF + HNCO —— (FZN)Zé - NcC

: He
(FZN):@}- NGO + F, —:—i-do) C(NF2)4 . (13)

Toxicity: Compound "T'' should be corsidered to be as toxic as chlorine
trifluoride,

Sensitivity: This compound is highly shock sensitive.

Compatibility: Compatibility shculd resemble that of chlorine tri-
fluoride.

Avallability: Not commercially available. It has only been made in
gram quantities in the laboratory,.

ilicary Specification, None
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IV. LIQUID PROPELLANT PROYERTIES
(Monopropellants)
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MONEX D

Formula: A thixotropic aixture of beryllium (16.6%), hydrazine
nitrate (28,7%), hydrazine (37,5%) and water (17.0%). This com-
position slong with 0.3% gelling sgent has been designated MONEX
D 17 G.3

Physical Properties:

Freezing Foint: -57.390 {30
Density: 1.229 g/cc @ozs°c (30)
Vapor Pressure: S mm Hg @ 25°C (30)

>

PR T b

08 zec {365

G

Specific Tapulse:

Preparation: The composition 13 formed by mixing the components
together in a moisture free atmosphere,

Toxicity: Monex D is very toxic due tc¢ the presence of beryllium,
Beryllium handling methods and precautions must be used when working
with this propellant,

Sensitivity: Monex DW 17 G.3 has been found to be insensitive to shock
using the standard impact sensitivity test, the card~gasn test and
thermal stability test for monopropellants, During preparation,
however, the sensitive nature of hydrazine nitrate-mmst be considered.

Compatibility The compatibility of Monex D is determined by its com-
ponents, l.::erials usable with hydrazine should be compatible with
Mone...

Availability: Monex is still in the developm...t stage. Only laboratory
samples have been prepared to date,

Remarks: For additional information consult reports resulting from
Contract AF 04(611)-9713.

Military Specification, None
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V. LIQUID PROPELLANT

THEORETICAL PERFORMANGCE SIMMARY
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VI. THEORETICAL PERFORMANCE DATA
for

FUELS WITH VARIOUS CXIDIZERS
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#*1, '"Liquid Propellant Handbook,' Battelle Memoricl Institute, 955—1957;
(Confidential) . . . Lo

ftraseavm vy, ~

*2, JAMAY Thermochemical T Data, 'JANAr HEAL oL Totmation of ;!0?@113}15’ iﬂ’:“-,r
rs

gredienta (U)," 1963-1964. (Confidential)
%3, A4FBPL Computer Data Fille.
4. 'Diborane, Space Storable Fuel,” Callery Chemical Co,, January 1962.
5. "Design Handbook for Oxygen Difluoride,” Donald F, Sekets, ATD-TDR-63-.
1084, Contract AF 04({611)-8400, Thiokol Chemical Co., Reaction Motcrs
Division. {Confidential) )

*6, "™iybaline Liquid Rocket Fuels - Technical Information," Uaion Carbide .
Corporation, 1 November 1964. (Confidential)

7. "The Handling and Storage of Liquid Propellants,' AFM 160-39,
1 April 1964,

%8, 'Regearch and Development of Matal Hydride Organic Nitrogen Complexes,™
Firal Report, 3 Volumes, Union Carbide Corpcration, 1 November 1964.
(Coniidential)

9. '"Handbook of Astronautical Engineering," Heinz Hermann Koelle, McGraw-
Hill Book Co., 1961,

10, "Storable Liquid Propallents,' 2nd EZd., Report No. LRP 198, Aerocjet-
General Corp., June 1962,

11, "Storable Liquid Propellants,' Revision A, Aerojet-General Corporation,
October 1960,

12, '"Liquid Propellant Manual,' Liquid Propellant Information Agency, 1961,
(Confidential)

%13, "Solid Rocket Propellant Research and Development (U)," Annual Report,
Jan-Dec 1962, Contract NOrd 18728, American Cyanamid Co. (Confidential)

*)14. "Solid Rocket Propellant Recearch and Development (U),'" Progress Re-
port No, 16, April-June 1964, Contract NOrd 18728, American Cyanamid Co.
(Confidential)

15. 'Chemical Safety Data Sheet $D-84 - Boron Hydrides," Msnufacturing
Chemists Association, 1961,

*Classified information has been extracted from documents liscted under
References marked with an asterisk,

UNCLASSIFIED

{
!
i



:4~.4..~q;r-w~“ U SRR I e e o MM A S e e = »\-,-.1-_;;.:-:- S iAo g

8.2

16. 'Pentaborane,' Technical Bulletin CT-1300, Production Information,
Callery Chemical Co., 1 October 1961.

*17. '"Chemical Research as Related to Advanced Solid Propellauts.(U)Q EE
Renort No. 19 (Final Report), Jan to Dec 1963, Contract NOrd 18688, Hin—
nesota Mining and Manufacturing Co. (Confidential) -5- 3
8. "Tetrafluorchydrazine,’ Liguid Propellant Information Agancy Unit,
6 July 1962.

*13, Preparation and Characterization of a New High-Energy OxidiSetf(U) i
Final Report, Contract AF 04(611)-9563, Rocketdyne, January 1963. (Confi-
dential)

*20., "Evaluation of a High Energy Liquid Propellant Recket Engine Oxidizer
and a Pilot Production of Same (U)," Final Report, Contract AP 04(611)-
8182, Minnesota Mining and Manufacturing Co, April 1965. (Confidential)

*21, ‘"Interhalogen Oxidizers and Hydrazine Fuels for Packaged Liquid Power
Plants,” TPR 120-64, Thiokol Chemical Co., Reaction Motors Division,
January 1964, (Confidential)

*22. 'Rackaged Liquid Propulsion Symposium,' CPIA Publication No. 13, i
Bureau of Naval Weapons, March 1963. (Confidential)

23, ‘"Thermodynamics of Rocket Propuision and Theoratical Evaluation of
Some Prototype Propellant Combinations," Thcmes 0. Dobbins, WADC TR-59-
757, December 1959.

24. "Propz2llant Performance Data,' Callery Chemical Co., 1961, ‘

25, "Theoretical Liquid Propellant Performanze Calculations (U),'" Dunald
G. Nyberg, MAVWEPS report 8588, NOTS TR 3597, U.S. Naval Ordnance Test :
Station, October 1964, (Confidentlal)

26. "Theoretical Performance of Rocket Propellant Combinations," Publi- |
catiou 573-A-2 Rev. 3-64, Rocketdyme, , |

#*27. AFRPL (RPCL) Computer program,

*28, ''Proceedings of the Metallized Gelled Propellants Conference,' Air Force
Rocket Propulsion Laboratory, 10«12 June 1963. (Confidential)

*29, "2nd hetallized Gelled Propellants Conference,' Air Force Rocket Pro- .
puleion Laboratory, 26-28 August 1364, CPIA Publication No. 54, Hovember
1964. (Confidential)

*#30. "Investigation of a High-Energy Monopropeilant,' Annuel Summary Re-
port, Rocket Research Coryp, AFRPL-TR-65-18, April 1965. (Confidential)

‘wClassified information has teen extracted from documents liasted under
References marked with an asterisk.
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X. SOLID PROPELLANT THEORETICAL PERFORMANCE

(listed by fuel)
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UNCLASSIFIED

ALTMINUM
20% PE / 65% NP / 15% Al (25)
1sp EC Density C* vae Isy
281 sec 3870°K 1.772 g/ec 5526 ft/secc 355 sec ,
20% PE / 65% HAP / 15% A1 . (2%) |
1sp I, Density c= Vae Isp
263 sec 2935°K 1.699 g/cc 5237 fifsec 321 sec
15% NC / 30% TMETN / 1% AN / 447 INFO 635 / 10% Al 25)
Isp Ic Density C*
279 sec 2640°K 1.79 g/ec $510 ft/sec

NOTE:

K11 sea ievel specific impuls. values sre at 1000 psia chamber prersure
expanded to 14.7 psia.

All vacuum gpecific {mpulse values sre at 1000 paias chamber pressure and
an eangion ratio of 40:1.

10.1
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72_

BERYLLIWM %

25% THETN / 4% DEGDN / 9.5% PNC / 1.5% TDI / 27.73% AP / 12.27% Be / 203 TAZ 2
s I, Density o 2
287 sec 3552°K 1.691 gfec 5631 ft/sec ’ §

TIPRINIY

23.12% ™METN / 2,787 DEGDN / 8.79% NC / 1.85% TDI / 0.46% BC / 29.117% AP /
11.89% Be 7 22% THA {25}

AR RS AT,

Isp I, Density o Vac Isp ;
292 sec 3485°K 1.628 g/cc 5650 ft/sec 352 sec f

13% NC / 37% TMETN / 33% &P / 17% Be (8) i
Isp Ic Density i
280 sec 3965°K 1.66 g/ecc

All wew “rvcl specific impulse values sre at 1000 psia chsmber precsure
cxpanded to 1.7 psla.

All vacuum specitic ‘vpulse values are st 1000 psia chamber prossure and
an expansion ratfo .f 40;1.

19.9% TAZ (8)
Isp Ic Density
9 sec 3481°K 1.62 g/ecc
1
2
NOTE: %

16.2 ]
dﬁflll!ﬂﬂﬂi !
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UNCLASSIFIED

BORON
P-BEP/TVOPA :: 1/1
23% Binder [ 507 BTU ,/ 20% AP / 5% Boron (2%
isp i Density 1% Vae Isp
297 sec 4255k 1.828 g/cc 5940 £t/sac 366 scc
P~-BEP/TMETN :: 1/1
25% Binder / 60% RTU / 10% 4P / 5% Boron (25
Lap I Densiry c* k Yac Isp
299 sec 4360w 1.766 g/cc 5981 ft/sec 369 sec
35% P-BEP / 4G% BTU / 20% NP / 5% Ror.: (25
Isp I Density L= vVac_lsp
300 sec 4408°K 1.807 g/cc 5951 ft/sec 374 sec
ioi. P~BEP / 25% AP / 5% Beron (259)
Isp I Density C* Vac Isp
279 sec 3409°K 1,742 gfcc 5568 fr/sec 344 sec
NOTE:
BT cea lovel svrecific impulse - al.cs (re at 1000 pzia chamber pressure
expanded to 14, y-ia.
A1l vacuum spec.ric - lse valuec are at 1000 psia chamber pressure and

a., expangior -:"in of wy:l.

UNCLASSIFIED




UNCLASSIFIED

LilallM
-~ = —— = F o cam  f wa e - 3Rt s N
28.7% P-BEFR / 14.4T BE / 11,77 Li [ 45.2% BiU <35

——— ——C
308 sec 45617K 1. 40 alen

e
2]
T
1
o
-]
[
re
]
1]
SN Y5008 N N IR M NPT WD G 0 ORI 4 |03

PR

AT A M S

POLYU
75% NP (5% Coat) / 25% POLYU (25)

*
I I, ¢

270 sec 3518°K 5182 ft/sec

RTINS L 2 TR

Py

A et A e

L% 2 b s

NOTE: :
Al1 sea ievel specific impulse values sre at 1000 psia chamber pressure :
expanded to l&4.7 psia.

211 vacuum specific impulse values asre at 1000 psia chember pressure and
an expansion rstio of 40:1.

W

10.4

UNCLASSIFIED

B N A K.




1ME-1
20% F2 O/ gr.enay ) 17,57 Ml 223
Isp zc . Density L* Vac 1up :
292 sec 35277% 1.616 gicc 5781 It/sec 361 sac ‘
20% BR 7 557 HAF / 25% LiE-1 (253 i
1sp I . Density Vac_1sp ;
272 sec 2623°K 1.53 g/ce 343 sec %
8% NC / 24% TEGDN / 50% INFu-635 / 18% iMi-1 (15)
Isp IC . Density c* Vac Irp
280 sec 3156°K 1.62 gfcc 5545 ft/sec 410 sec
{
-~
NOTE:

All sea level gpecific impulse values are at 1000 psis chamber pressure
expanded to 14.7 psia.

All vacuum ppecific impulge values sre at 1000 psia chamber pressure and
an expangion ratio of 40:1.

10.5
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LHE-~2

207 P-BEP / 557 AP / 25Y LMM-2 (25)
isp I Density c* vae Is
321 sec 3250°% 1,28 giec 5168 filses 413 sec
16.8% NC / 3.9% DEGDN / 35.1% NIBIN / 35.2% AP / 157 IMH-2 (18)
Isp zc Density
301 sec 3588°K 1.27 g/ec

11.4& NC / 23% TMETN / 22% Plasticizer [ 27% AP / 3.2% Be metal / 13.5%

1MH-2 (amorphous) (8)
Isp I Density
304 sec 3453°K 1.36 glcc

8% TMETN / 2.3% PMMA / 29.6% NP (5% coat) / 1.1% Be / 19% Beane (8)
Isp zc Density
317 sec 3588°K 1.27 glcc

33% P-BEP / 43% NP / 247 LMH-2 (Density 0.82 g/cc) {25)
Isp Ec Density
325 sec 3667°K 1.49 glecc

63.5% Double . ~ Binder* / 17% AP / 19.5% LMH-2 (25)
Isp _’gc Density
311 sec 3%. ¢ 1.37 g/ec .

+NC / 627 NG / .. TA / 2% NDPA / <. Res.

NOTE: All .:vel specif! .mpulese values ar: at 1000 psias chember
pressure e.  .ed to 14.7 peia.

All vacuum specific impulse values are at 1000 psis chamber pressure and
an expansion ratio of 40:1.
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UNCLASSIFIED

(listed by oxidizer)
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& AMMONTM PERCHLORATE
-  25% TMETN / 4% DEGDN / 5.5% PNC / 1,57 TDI / 27.73% AP / 12,277 EE / 207 TAZ
(25)
‘ o™ »
Isp z. . Density cr
287 sec 3552°K 1.69 glec 5631 fr/sec

£3.12% TMETN / 2,787% DEGDN / 8.797% NC / 1.85% TDI / 0.46% EC / 29,11% AP /

11.89% Be / 227 THA (25)
Isp I Density c* Vae Isp
293 sec 3485°K 1,628 g/ce 5650 ft/sec 332 sec
13% NG / 377% TMETN / 33% AP / 17% Be (8)
3
Isp I, Densiry
280 sec 3965°K 1.66 glcc !
K
;
9.95% NC / 14.93% TMETN / 16.41% DEGDN / 1.0% TDL / 26.26% AP / 11.55% Be / :
19.9% TAZ (8) {
lso I, Density g
289 sec 3481°K 1.62 g/cc ;
20% P-BEP / 55% AP / 25% ILMH-2 (25) {
i
Isp I, Density c* Vac Isp ;
321 sec 3290°K 1.279 glec 6168 ft/sec 413 rec §
10,8% NC / 3.9% DEGDN / 35.1% NIBIN / 35.2% AP / 15% LMH-2 : (18) §
: Isp I, Density §
301 sec 3580°K 1.27 g/cc § i
NOTE: E

A1l sea 1:vel apecific impulse values are at 1000 psia chsmber pressure
expanded ¢o 14.7 peia.

All vacuum specific impulse values are at 1000 psis chamber pressure
and an expansion ratio of 40:1. 11.1
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CONFIDENTIAL

11,4% N / 23% T™METN / 22% Plasticizer / 27% AP / 3.2% Be / 13.5% IMH-2

(amorphous) (8)
Isp X, Density
304 sec 353K 1.36 glee

63.5% Double Base Binder* / 17% AP / 19,5% IMH-2 (25)
Isp Ic Density
311 sec 3345°k 1.37 g/cc

*29% NC / 62% NG / 5% TA / 27 NDPA / 27 Res.

25% Binder (P-BEP/TVOPA :: 1/1) / 507 BTU / 20% AP / 5% Boron {25)
Iap Ec Density C* Vac_1Isp
297 sec 4255°K 1.828 g/cc 5940 £t/sac 366 scc
25% Binder (P-BEP/MMETN :: 1/1) / 60% BTU / 10% AP / 5% Boron 25)
Isp I Density Cx* Vac Isp
299 sec 4340°K 1.766 glec 5981 ft/sec 369 sec
70% P~BEP / 25% AP / 5% Boron (25)
Isp Ic Density Cx» Vac Isp
279 sec 3409°K 1.742 g/cc 5568 ft/sec 344 sec
NOTE:

All sea level specific impulee values are at 1000 psfes chambar presasure
oxpandad to 14.7 peia.

All vacuum spacific fmpulee valuea are a: 1000 peia chamber pressure
and an axpaneion ratic of 40:1.
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WITROWIUM PERCHLORATE

207 PE / 65% NP / 15% Al

Isp 1. Deus ity C*
281 sec 3870°K 1.772 g/ee 5526 fr/sgc

20% PE / 62.3% NP / 17.5% LMH-i

Isp Ic Density &
292 gec 3527 °K 1.616 g/ce 5781 ft/gec

Kad
i
183
13
il
3]

361 sec

487 TMETN / 2.3% PMMA / 29.6% NP (5% cost) [/ 1.1% Be / 19% RBeane

Lsp Ic Dengitv
317 sec 5388°K 1.27 g/ec

33% P-BEP / 43% NP / 24% LMH-2 (Densitv 0 ™)

Isp Ec Density
352 sec 3667 'K 1.49 g/cc

35% P-BEP / 40% BTU / 20% NP / S% Boron

Isp lc Density or
300 sec 4408°K 1.807 g/cc 5951 ft/sec

28.7% P-BEP / 14.4% NP / 11.7% Li / 45.2% BTU

ISE Ic Density
308 sec 4761°K 1.40 g/cc

75% NP (57 coat) / 25% POLYU

Isp I, c
270 sec 3518°K 5182 ft/sec

Vac ISE
374 sec

NOTE: All sea level specific impulse values are at 1000 psia chamber

pressure expanded to 14.7 psia.

All vacuum specific impulse values are at 1000 psia chamber pressure

and an expansion ratio of 40:1.

e
== .
-~

(25)

(25)

(8)

(25)

(2% :

(25)

(25)

Ry
)

;

e e




mmm =

HAP
20% PE / 65% MAP / 15% Al (25)
Zsp Ec Depeity C* Yze Isp
263 sec 2530%K 1.699 g/ce 5237 ft/sec 321 sec . !
. 4
- 20% PE / 55% HAP / 257 TMM-1 (25)
. Isp I Dacity Vac Isp
272 sec 2423°% 1.53 g/cc 343 sec

o A AT S R T RN SR IR T T S 57 Y D

;
.%
E
3
. !
: :
. NOTE:
‘ ALl sea level specific impulse values are at 1GG0 psia chember pressure
g expunded to 14.7 pels,
; All vacuum specific impulge values are at 1000 psia chamber pressure

and an expsnsion ratio ¢. 40:1.
11.4
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INFO 635 :
15% NC / 30% TMETN / 1% AN / 44% INFO 535 / 10% Al (25) !

Isp I, Density c*

' 279 sec 3640%K 1.79 g/ece 5510 ft/sec f

8% NC / 24% TEGDN / 50% INFC 635 / 18% IMH-1

isp Xz Density c* Vac_Isp

280 sec 3156°K 1.62 gice 5545 ft/sec 410 sec
|
|
i
i

[
NOTE:

A1 sea level specific impulse vulues are at 1000 paia chamber pressure
axpanded to 14.7 psia.

All vacuum speciff{c {mpulse values are at 1000 psias chamber prasssure and
ar sxpanasion ratio of 4C:1.

11.5
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'
ARBREVIATIONS AND CODE NAMES &
Symbol Name
Al Aluminum
: AN Adiponitrile
AP Ammonium perchlorate
. Be Beryilium 3
Beane Beryllium hydride g
) BTU Bis [Tris (Diflucramino) methyl] urea g
DEGDN niethyleneglycoldinitrate g
EC Ethyl centralite g
HAP Hydroxylammonium perchlorate
INFO 635 [2-Tris (Difluoramino) methoxy] ethylammonium perchlorate #
Li Lithium {
IMH-1 Aluminum hyaride ;
IMH-2 Beryllium hydride ;
NC Nitrocelluloese é
NDPA 2-Vitrodipheuylamine g
NG Nitroglycerin %
NIBIN Nitroisobutane trinitrate %
' NP Nitronium perchlorate :
P-BEP Poly [1, 2-bis (difluoramino)] -2, 3-epoxy propane é
PE Polyethylene £
BPMA Polymethylmethacrylate %
PNC Polynitrocellulose g
POLYUD Polyurethane ?
Res Resorcinol z
TA Triacetin !
4 TAZ Triaminoguanadiniumazide g
D1 Toluene diisocyanate E
» TEGDN Triethyleneglycol dinitrate
THA TAZ * N2H5N3
TMETN Trimethylolethane trinitrate
TVOPA Tris [bis (difluoramino) vinoxy] propane
v
i 12.1
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